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Abstract : Soybean has widely grown for its edible bean which has numerous uses. Microwave
remote sensing has a great potential over the conventional remote sensing with the visible and infrared
spectra due to its all-weather day-and-night imaging capabilities. In this investigation, a ground-based
polarimetric scatterometer operating at multiple frequencies was used to continuously monitor the crop
conditions of a soybean field. Polarimetric backscatter data at L, C, and X-bands were acquired every
10 minutes on the microwave observations at various soybean stages. The polarimetric scatterometer
consists of a vector network analyzer, a microwave switch, radio frequency cables, power unit and a
personal computer. The polarimetric scatterometer components were installed inside an air-conditioned
shelter to maintain constant temperature and humidity during the data acquisition period. The
backscattering coefficients were calculated from the measured data at incidence angle 40° and full
polarization (HH, VV, HV, VH) by applying the radar equation. The soybean growth data such as leaf
area index (LAI), plant height, fresh and dry weight, vegetation water content and pod weight were
measured periodically throughout the growth season. We measured the temporal variations of
backscattering coefficients of the soybean crop at L, C, and X-bands during a soybean growth period. In
the three bands, VV-polarized backscattering coefficients were higher than HH-polarized backscattering
coefficients until mid-June, and thereafter HH-polarized backscattering coefficients were higher than
VV-, HV-polarized backscattering coefficients. However, the cross-over stage (HH > VV) was
different for each frequency: DOY 200 for L-band and DOY 210 for both C and X-bands. The temporal
trend of the backscattering coetficients for all bands agreed with the soybean growth data such as LAI,
dry weight and plant height; i.e., increased until about DOY 271 and decreased afterward. We plotted
the relationship between the backscattering coefficients with three bands and soybean growth
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parameters. The growth parameters were highly correlated with HH-polarization at L-band (over
=0.92).

Key Words : Backscattering coefficients, L-band, C-band, X-band, Radar scatterometer, Soybean
growth data.
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Fig. 1. Field photos of soybean in various growth stages.

-193-



Korean Joumnal of Remote Sensing, Vol.27, No.2, 20114

B A Egteke potgle), JuA e gduz
et Zeke]  HY o Hos 1 HES BT gl
o} LI-3100(LI-COR, Inc. USA)% ©]43ld 33 &
Ao & 20 ANUES 1A —?—‘%4_‘_74%9}
F AU BA € & olR7] Y8l S
2% (Enterprise Guide 4.2} ol-&38le] A “"51
W BHEAS gt
3 L, C, X-4H= Hlo|f ARtA XEE S-HAIAH)

Y

goly At s SAXNAE FAFESRZE 1
C, X-4B= <teiHdual polarization square horn type),

YEYZ E47] GPIBGeneral Purpose Interface
Bus)—USB, calibration kit, Radio Frequency(RF)
cable, RF switch, =E& FAHE 528 45| gl
ot A5 S A AR F H$E7136E 39l 5
A1, e, v 5 7139 9 Fasgbelr] A3l &
A~ B ARSI 2). YEHZ B47],
GPIB—USB, RF cable RF switch, &% Z213o]
YWAE L EX AFEH 52 0E Ui 4X89, L

C, X-HE= ¢eub= 7+ RF cableE3 AZE:= *‘%—‘ﬂr—‘l
qUR3te] AE ool AAjstgct,

ZAN2E TAFEE ENL Table 13 2t} YE
a3 B47l=

8720D(Agilent Tech,)& AMHESIAEY]

Fig. 2. Field view automatic radar scatterometer system ;{left) The Shelter installed in the experimental soybean upland withan L, C,
X-band fooking at the 40 degree ;{right) RF systems inside the shelter with network analyzer, RF cable, RF switch and a
computer that controls frequency, polarization and data storage.

Table 1. Specification of the L, C, and X-band automatic scatterometer system

. L-Band C: Band
Center frequency 127GHz 53 GHz 9.65 GHz
Bandwidth 0.12GHz 06GHz 1GHz
Number of frequency 201 %01 1601
points
Antenna type Dual polarimetric hom
Antenna gain 124dB 20.1dB 224dB
Range resolution 125m 025m 0.15m
Wavelength 023m 0056 m 0.031m
Polarization HH,VV,HV,VH
Tncident angle " a
Platform height 4.16m
Measurement time 1 per 10 minutes
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and soybean growth data.
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Table 2. Correlation cosfficients between backscattering coefficients at L, C, and X-band and soybean growth parameters.

L-band C-band X-band

HH | w HY HH | WV HV | HH | WV HV

Plant height(cm) 095" | 090" | 088™" | 089" | 089™ | 086" | 086" | 083" | 089"

Leaf Area Index 093 | 088" | 087 | 086 | 083" | 080 | 076 | 075 | 072"
Vegetation water content(%) | 094 | 087~ | 084~ | 084~ | 083 | 081 | 072" | 070" | 069"
Dry weight(g) 094 | 089 | 085 | o084 | 082 | 081" | 070" | 068" | 067

Pod weight(g) 0927 Tog2™ 078" 10760 |07 | 069" | 066 | 052 | 048™

™ - Non significance

*: : level of significance p<0.05
. - level of significance p<0.01
: level of significance p<0.001
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Fig. 6. Relationship between backscattering coefficients(L-band, HH-polarization) and soybean growth data ; (a) LAl, (b) Plant height

{c) Dry matter, (d) Vegetation water content (e) Pod weight.
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(f=—0.0354x"+2,0046x+100.9984, Fig. 6-b).
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